Microfinance institutions (MFIs) have attracted great attention, due to their significant role in poverty reduction. Given the features of MFIs, this paper proposes a novel hybrid model of soft set theory, and an improved order preference by similarity to ideal solution (HMSIT) to evaluate the sustainability of MFIs, considering accounting ratios, corporate governance factors, and macro-environmental factors, from a cross-country perspective. This setting enables the examination of the role of macro-environmental factors in the sustainability of MFIs. For this purpose, soft set theory is adopted to select optimal criteria. An improved order preference by similarity to ideal solution method, in which the weight of each criterion is determined by soft set theory, is proposed to rank the sustainability of MFIs. This algorithm enables HMSIT to make full use of various types of information. The case study uses cross-country samples. Results indicate that macro-environmental factors are significant in evaluating the sustainability of MFIs from a cross-country perspective. Particularly, they can play a key role in distinguishing MFIs with low sustainability. The results also indicate that HMSIT has strong robustness. Ranked results, produced from the proposed HMSIT are reliable enough to provide some managerial suggestions for MFIs and help stakeholders make decisions.
Introduction
According to the recent disclosure of the World Bank, the total volume of people who are still struggling to meet basic needs was 3.4 billion in 2018, which is almost half the world's population. This demonstrates the magnitude of the challenge of worldwide poverty reduction and the significance of work in this field [1, 2] . Various strategies and tools have been proposed to address this severe and serious issue [3] . Among these strategies and tools, the microfinance institution (MFI), which distinguishes itself from traditional financial institutions, such as the commercial bank, by operating small loans to "unbankable poor people and small businesses" [4] , is not only considered an effective way for the poor to manage their finances and take advantage of economic opportunities while managing risks, but also an important way to promote economic development, employment and growth, through the financial support of small businesses. The MFI has attracted tremendous interest from both practitioners and academic researchers for its significant role in poverty reduction, by bridging the gap between formal financial institutions and low-income groups or individuals [5] .
In order to make full use of MFIs in poverty reduction, various MFIs have been set up all over the world since the 1970s, especially in developing countries and regions. To date, in terms of amount of customers served, the MFI is poised to become the largest banking market in the world [6] . At the same time, MFIs are also suffering from fierce competition and rapid changes in the business environment. It is hard to sustain their success into the future in an increasingly complex business climate [7, 8] . Given the significant role of MFIs in poverty reduction, it is important to operate MFIs effectively and efficiently to achieve sustainable financial development. It is generally believed that it is better not to have any MFIs than to have unsustainable ones [9] . Therefore, it is important to scientifically evaluate the sustainability of MFIs in the complex business environment.
Generally, sustainability is the ability to meet the needs of the present without compromising future generations [10] . It is composed of three pillars: environmental, economic, and social [11] . However, given the features of MFIs [7, 8] , the definition of sustainability is a little different in the early related literature [1] . The sustainability definition of MFIs has focused on two pillars [4, 5] . One is financial (economic) sustainability. This emphasizes the financial self-sufficiency of MFIs, and a reduction in reliance on donor funds [6, 12] . The other is social sustainability, which focuses on social outreach. In recent years, in addition to social and financial sustainability, more and more studies have paid attention to the environmental sustainability of MFIs [13, 14] , analyzing the green environment performance of MFIs. A financially sustainable MFI is required, in order to achieve social and environmental sustainability [15] . Therefore, this paper focuses on evaluating the financial sustainability of MFIs. In other words, we attempt to evaluate the financial self-sufficiency of MFIs.
To evaluate the financial sustainability of MFIs, previous studies have adopted accounting ratios and corporate governance factors as criteria [16] [17] [18] . However, as well as the traditional financial system, MFIs are also a part of the social economy system [19, 20] , shown in Figure 1 . More and more research has recognized that the performance of MFIs is not only influenced by internal factors, but also impacted by their external macro-environment, including the finance sector environment, macro-economic environment, and information technology environment [21] [22] [23] . Meanwhile, given the negative influence of failed MFIs, some mathematical models have been proposed for evaluating the financial sustainability of MFIs, such as the order preference by similarity to ideal solution (TOPSIS), and the data envelopment analysis operating frontiers model (DEA-OF), [16, 24] . Prior studies have established a solid foundation for evaluating the financial sustainability of MFIs [25] .
Sustainability 2019, 11, x FOR PEER REVIEW  2 of 22 same time, MFIs are also suffering from fierce competition and rapid changes in the business environment. It is hard to sustain their success into the future in an increasingly complex business climate [7, 8] . Given the significant role of MFIs in poverty reduction, it is important to operate MFIs effectively and efficiently to achieve sustainable financial development. It is generally believed that it is better not to have any MFIs than to have unsustainable ones [9] . Therefore, it is important to scientifically evaluate the sustainability of MFIs in the complex business environment. Generally, sustainability is the ability to meet the needs of the present without compromising future generations [10] . It is composed of three pillars: environmental, economic, and social [11] . However, given the features of MFIs [7, 8] , the definition of sustainability is a little different in the early related literature [1] . The sustainability definition of MFIs has focused on two pillars [4, 5] . One is financial (economic) sustainability. This emphasizes the financial self-sufficiency of MFIs, and a reduction in reliance on donor funds [6, 12] . The other is social sustainability, which focuses on social outreach. In recent years, in addition to social and financial sustainability, more and more studies have paid attention to the environmental sustainability of MFIs [13, 14] , analyzing the green environment performance of MFIs. A financially sustainable MFI is required, in order to achieve social and environmental sustainability [15] . Therefore, this paper focuses on evaluating the financial sustainability of MFIs. In other words, we attempt to evaluate the financial self-sufficiency of MFIs.
MFIs

…… Funds
Banks Finance sector
Macroeconomic
Institution …… Information technique However, to the best of our knowledge, the majority of prior studies evaluating the financial sustainability of MFIs adopted accounting ratios and corporate governance factors as criteria, in the context of one country. Macro-environmental factors have received little attention to date. There has been no study evaluating the financial sustainability of MFIs integrating this many factors as criteria, especially ones accounting for the interaction between MFIs and their external operating environment. In practical terms, this interaction includes the externality of MFIs to their environment and the influence of uncontrollable environmental factors on the financial sustainability of MFIs. It However, to the best of our knowledge, the majority of prior studies evaluating the financial sustainability of MFIs adopted accounting ratios and corporate governance factors as criteria, in the context of one country. Macro-environmental factors have received little attention to date. There has been no study evaluating the financial sustainability of MFIs integrating this many factors as criteria, especially ones accounting for the interaction between MFIs and their external operating environment. In practical terms, this interaction includes the externality of MFIs to their environment and the influence of uncontrollable environmental factors on the financial sustainability of MFIs. It should be noted that neglect of macro-environmental factors may lead to an overestimation of the financial sustainability score of MFIs, and have implications for managerial decision making, which should contribute to effective MFI performance.
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Here, we intend to fill this gap. Given the above context, it is challenging to evaluate the financial sustainability of MFIs while considering so many factors. Most evaluating models assume that criteria are independent [25] . This assumption is too great to be applicable to real situations. This paper aims to investigate the potential of constructing a cross-country financial sustainability evaluation model for MFIs. Such an analysis expands on previous studies evaluating the financial sustainability of MFIs, adding the new perspective of cross-country evaluation. We adopt a broad approach, covering more influencing factors of the financial sustainability of MFIs. Incorporating this information into the evaluation provides novel insight into how macro-environmental factors may influence the financial sustainability of MFIs. A case study is based on the cross-country samples from the microfinance information exchange market database (MIX).
Consequently, in this paper, the research questions can be summarized as follows: (1) How to evaluate the financial sustainability of MFIs from a cross-country perspective (2) Technically, how to select optimal criteria from accounting ratios, corporate governance factors, and macro-environmental factors (3) given the different features of selected criteria, how to construct a proper evaluating model from a comprehensive and applicable perspective (4) according to the case study, how to identify the operational deficiencies of MFIs and propose feasible managerial implementations in order to improve the performance of MFIs. In sum, this paper focuses on evaluating the financial sustainability of MFIs more comprehensively and applicably, from a cross-country perspective.
The remainder of this paper is arranged as follows: Section 2 reviews the pertinent literature evaluating the financial sustainability of MFIs; Section 3 provides the data, the new proposed hybrid model, and the case study, in detail; and, in Section 4, the case study results, as well as some useful discussions, are reported. Concluding remarks and possible future works are expounded on in Section 5.
Literature Reviews
In recent decades, many researchers have evaluated the financial sustainability of MFIs [2, 19] . Various criteria and mathematical models for doing so have been proposed in prior studies. According to the previous literature, there are three key points involved in evaluating the financial sustainability of MFIs: the sustainability definition of MFIs, the criteria, and the evaluating method, as shown in Figure 2 . should be noted that neglect of macro-environmental factors may lead to an overestimation of the financial sustainability score of MFIs, and have implications for managerial decision making, which should contribute to effective MFI performance.
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The Sustainability Definition of MFIs
Sustainability, which is a complex, expansive and significant topic, is usually defined as the ability to exist constantly [26] . Specifically, it refers to the capacity for human civilization and the biosphere to coexist [27] . For many working in the field, sustainability is considered an objective 
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Environment protection
Social development Economic development However, some researchers have highlighted that there can be "tension" between human activity, economic development, and protection of the natural environment. This tension can be analyzed through two perspectives: strong sustainability and weak sustainability [29] . The strong sustainability definition suggests that the substitutability of natural capital should be severely limited, whereas the weak sustainability believes that natural capital can be fully substituted. However, the concept of sustainability has slightly different meanings for different objectives [27] .
Given the character of MFIs, in early studies, the sustainability definition regarding MFIs differs from the one mentioned above [1, 4] . For example, Navajas et al. [30] defined the sustainability of MFIs as the permanence of ongoing financial services to "unbankable poor and small businesses". Cull et al. [31] demonstrated that sustainable MFIs could concurrently maintain profitability and outreach. The sustainability definitions of MFIs above have focused their attention on two pillars: financial sustainability and social sustainability [4, 5] . The former emphasizes the financial selfsufficiency of MFIs and the importance of reduced reliance on donor funds [6, 12] , the latter the social outreach of MFIs.
In recent years, in addition to social and financial sustainability, more and more studies have paid attention to the environmental sustainability of MFIs [13, 14] , focusing on green environment performance [32] . For example, Garcia-Perez et al. [4] analyzed the sustainability definition of MFIs from economic, social, and environmental perspectives. However, a financially sustainable MFI is required in order to realize its social and environmental sustainability [15] . Therefore, this paper focuses on evaluating the financial sustainability of MFIs. In other words, we attempt to evaluate the financial self-sufficiency of MFIs in the complex business environment.
The Sustainability Evaluation of MFIs
Through the effective sustainability evaluation, which is a tool to distinguish normal MFIs from unsustainable ones, managers and stakeholders of MFIs can obtain timely warnings of their survival risk. It has been a subject of great interest to researchers and practitioners in recent decades. Various criteria, mainly including accounting ratios and corporate governance factors, have been proposed to evaluate the financial sustainability of MFIs [16] [17] [18] . Little attention has been paid to macroenvironmental factors when evaluating the financial sustainability of MFIs.
However, more and more researchers have recognized that the performance of MFIs is not only influenced by internal factors, but also impacted by their external macro-environment [33] [34] [35] . For example, Goodspeed [21] studied the impact of macro-environmental shocks on the sustainability of MFIs. Churchill [36] found that MFIs depend on a poor economy to thrive, given their informal However, some researchers have highlighted that there can be "tension" between human activity, economic development, and protection of the natural environment. This tension can be analyzed through two perspectives: strong sustainability and weak sustainability [29] . The strong sustainability definition suggests that the substitutability of natural capital should be severely limited, whereas the weak sustainability believes that natural capital can be fully substituted. However, the concept of sustainability has slightly different meanings for different objectives [27] .
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Through the effective sustainability evaluation, which is a tool to distinguish normal MFIs from unsustainable ones, managers and stakeholders of MFIs can obtain timely warnings of their survival risk. It has been a subject of great interest to researchers and practitioners in recent decades. Various criteria, mainly including accounting ratios and corporate governance factors, have been proposed to evaluate the financial sustainability of MFIs [16] [17] [18] . Little attention has been paid to macro-environmental factors when evaluating the financial sustainability of MFIs.
However, more and more researchers have recognized that the performance of MFIs is not only influenced by internal factors, but also impacted by their external macro-environment [33] [34] [35] . For example, Goodspeed [21] studied the impact of macro-environmental shocks on the sustainability of MFIs. Churchill [36] found that MFIs depend on a poor economy to thrive, given their informal nature. Ahlin et al. [20] also confirmed the influence of macro-economic and institutional factors on the sustainability of MFIs. Besides the macro-economic factors mentioned above, Sainz-Fernandez et al. [22] found that the development of the financial sector influences the activity of MFIs. Kauffman and Riggins [23] verified the impact of information and communication technology on the sustainability of MFIs. Zegarra and Wilson [37] found that increases in the size of MFIs can effectively promote their growth. In addition, there are many other factors, such as institution [38] , capital structure [39] , choice of loan methods [40] , age [41] , cost [42] , efficiency [24] , financial inclusion [43] , and information technology [23] .
This paper intends to fill this gap. Evaluating the financial sustainability of MFIs, considering accounting ratios, corporate governance factors, and macro-environmental factors from a cross-country perspective, is challenging. As mentioned, evaluating the financial sustainability of MFIs is complicated. To address this issue, given the character of MFIs, many models have been proposed. Bhanot and Bapat [16] applied the TOPSIS method to evaluate the financial sustainability of MFIs in India, with three accounting ratios as the criteria. The weights of the three criteria were determined by the equal weight method (EWM), or assigned subjectively, according to their order of importance. Piot-Lepetit and Nzongang [24] proposed a new data envelopment analysis operating frontiers model (DEA-OF) to evaluate the performance of MFIs. Prior studies have established a solid foundation for evaluating the financial sustainability of MFIs [25] .
Although these evaluation models above are not difficult to implement, they have several shortcomings. For example, the majority of prior studies evaluating the financial sustainability of MFIs focus on adopting accounting ratios and corporate governance factors as criteria, usually in the context of one country. They do not take macro-environmental factors into consideration. It should be noted that negligence of macro-environmental factors may result in overestimating the evaluation score, and no study has addressed this issue. In addition, these models assume that selected criteria are independent [25] and ignore a comprehensive derivation of weight for each criterion, in order to evaluate the financial sustainability of MFIs. This assumption is too great to be applicable in practice, especially when considering macro-environmental factors. Therefore, this paper aims to propose a novel hybrid model of the soft set theory, and an improved TOPSIS (HMSIT), to evaluate the financial sustainability of MFIs from a cross-country perspective, using accounting ratios, corporate governance factors and macro-environmental factors as criteria. HMSIT is applied to 20 MFIs from different countries.
Compared with prior studies, the main contributions of this paper can be summarized as follows. First, this work is the pioneering study evaluating the financial sustainability of MFIs from a cross-country perspective by considering accounting ratios, corporate governance factors, and macro-environmental factors simultaneously. Second, from the applicable perspective, this paper provides a novel mathematical model (HMSIT) to help the stakeholders of MFIs evaluate the financial sustainability of MFIs in a more comprehensive manner. HMSIT can make full use of accounting ratios, corporate governance factors, and macro-environmental factors to evaluate the financial sustainability of MFIs. To date, there has been no literature reporting the proposed evaluation approach. Third, some feasible managerial implementations have been proposed, based on the cross-county case study, to improve the financial sustainability of MFIs. This paper also contributes to soft set theory, introducing a new application field.
Materials and Methods
Sample and Data
A case study is provided in this paper to illustrate the influence of macro-environmental factors on the financial sustainability of MFIs. The data, adopted for the case study, are mainly collected from the microfinance information exchange market database (MIX) (https://www.themix.org/mixmarket). For the case study in this paper, we needed to select some real MFIs as samples randomly. At first, we discounted MFIs according to the following principles.
1.
To ensure quality of data, MFIs that have not been marked with four or five stars in the MIX database are removed.
2.
If MFI data concerning the required criteria are not available, they are deleted.
Then, a total of 20 cross-country MFIs were randomly adopted as samples from retained MFIs for the year 2016, according to the percentage of real distribution, and marked as m i (i = 1, 2, · · · , 20). Table 2 provides the detailed information of MFIs employed in this work. No MFIs from the "Oceania" region and the "Unspecified" region have been selected as samples. 
Criteria
The selection of criteria always plays a significant role in the process of evaluating the financial sustainability of MFIs [44] . The previous literature usually adopted accounting ratios and corporate governance factors as criteria, especially accounting ratios, such as the operational self-sufficiency ratio, average loan per borrower, and cost per borrower [16, 18, 37] . However, the performance of MFIs may be different if the operational environment has changed. Some studies have also confirmed that the financial sustainability of MFIs is influenced by macro-environmental factors, such as macro-economics, population, institutions, and information technique [2] . These factors, proposed in the recent literature [8, 21, 22, 36, [45] [46] [47] , are briefly listed in Table 3 . e 1 − e 9 are accounting ratios, e 10 − e 15 are corporate governance factors. e 16 is the institution factor, e 17 and e 18 are information technique factors, e 19 − e 23 are macro-economic conditions, and e 24 − e 26 are financial sector conditions. Those factors are adopted as the original criteria for evaluating the financial sustainability of MFIs from a cross-country perspective in this study. 
A Novel Hybrid Model for Evaluating the Sustainability of MFIs
As mentioned above, it is a major challenge to evaluate the financial sustainability of MFIs whilst considering accounting ratios, corporate governance factors, and macro-environmental factors from a cross-country perspective. To address this issue, we introduce a novel hybrid model of soft set theory and an improved TOPSIS (HMSIT), to evaluate the financial sustainability of MFIs in detail. Assume that there are i MFIs (m i , 1 ≤ i ≤ I), used as case study samples, and j factors (c j , 1 ≤ j ≤ J), adopted as alternative criteria. To eliminate the redundant criteria, soft set theory (SS) is adopted, to select optimal criteria from alternative criteria. Subsequently, an improved TOPSIS is proposed, to rank the financial sustainability of MFIs. For the improved TOPSIS, the weight of each criterion is determined by soft set theory. The framework of HMSIT is shown in Figure 4 . Details of each step are presented in the following work. 
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Optimal Criteria Selection Using the Soft Set Theory
Soft set theory, originated by Molodtsov [48] , is a new, non-parameter mathematical approach to deal with uncertain and high-dimensional data. It has been theoretically proven to be an excellent mathematical tool for decision making and dimension reduction [49, 50] . Here, we first briefly review the soft set theory, then give details about the classical reduction method of soft set theory.
In this paper, let be a non-empty universe of objects (MFIs), and be a set of parameters (criteria) to objects. A soft set over can be defined as a pair = ( , ), where ⊆ , and is the approximate function of soft set , : → ( ). ( ) is the power set of . In other words, soft set is a parameterized family of subsets of the original universe . Based on the above definition, many parameter reduction methods of soft set theory have been proposed to select optimal parameters under the uncertainty environment [51] . Each parameter 
Soft set theory, originated by Molodtsov [48] , is a new, non-parameter mathematical approach to deal with uncertain and high-dimensional data. It has been theoretically proven to be an excellent mathematical tool for decision making and dimension reduction [49, 50] . Here, we first briefly review the soft set theory, then give details about the classical reduction method of soft set theory. In this paper, let U be a non-empty universe of objects (MFIs), and E be a set of parameters (criteria) to objects. A soft set over U can be defined as a pair S = (F, A), where A ⊆ E, and F is the approximate function of soft set S, F : A → P(U) . P(U) is the power set of U. In other words, soft set S is a parameterized family of subsets of the original universe U.
Based on the above definition, many parameter reduction methods of soft set theory have been proposed to select optimal parameters under the uncertainty environment [51] . Each parameter reduction method of soft set theory has advantages and disadvantages [49] . Here, given the features of financial sustainability evaluation of MFIs, we adopt the parameter reduction method of soft set theory to select the optimal criteria from the original criteria. It can be briefly presented as follows; for details please refer to the literature of Kong et al. [51] . Specifically, suppose the universe U = {m 1 , m 2 , · · · , m I }, and the original parameter set E = e 1 , e 2 , · · · , e J . The soft set S = (F, E) can be represented by a table v ij , shown as Table 4 . The soft set is represented as SS = (F, A), A ⊆ E, the F A (m i ) = j:C j∈A v ij . Obviously, F E (m i ) = J j=1 v ij . The universe U can be partitioned to D E = M F 1 , M F 2 , · · · , M F s according to the values of F E , where F 1 ≥ F 2 ≥ · · · ≥ F s , and any m i ∈ M F j if, and only if, F E (m i ) = F j . In this way, objects of U with the value of F E (·) are divided into the same subset for the parameter set B ⊆ E, if D B = {U}, which means B has no effect on partition U. In other words, the parameter set B is dispensable and can be abandoned. B is a normal reduction of E, if B is dispensable, and the set E − B is indispensable. The parameter set E − B is the optimal parameter set that we need. 
It is best to conduct parameter reduction as a jackknife (leaving one out). The algorithm of this parameter reduction method of soft set theory, shown above, can be presented as follows:
1.
Input the universe U and the parameter set E of soft set (F, E).
2.
Calculate the importance degree r j of parameter c j . We can measure the importance degree of c j by measuring the change between
The r j can be computed using Formula (1):
where |·| is the cardinality of a set and α k,j =
3.
Find the maximal subset A in E, whose sum of r j is a nonnegative integer.
4.
Verify if A is dispensable or not. If it is, the set E − A is the normal parameter reduction. A can be saved to the feasible parameter reduction set.
5.
Search for the set A with the maximum cardinality in the feasible parameter reduction set. 6.
Calculate the set E − A as the optimal parameter reduction.
Evaluating the Financial Sustainability of MFIs Using an Improved TOPSIS
Since accounting ratios, corporate governance factors, and macro-environmental factors should be adopted as criteria to evaluate the financial sustainability of MFIs from a cross-country perspective, the evaluation can be regarded as typical a multi-criteria decision making (MCDM) problem [16] . Many mathematical methods have been proposed for MCDM, such as weighted sum model, weighted product model, analytic hierarchy process method (AHP), revised AHP, elimination et choice translating reality method, and TOPSIS [52] . These models are suitable for handling MCDM problems. However, TOPSIS is one of the most well-known decision-making models, due to its advantages regarding sample size, and data distribution, etc. [53] . Therefore, given the character of MFIs, this paper proposes a novel, improved TOPSIS, by integrating soft set theory and TOPSIS to rank the financial sustainability of MFIs.
TOPSIS, developed by Ching-Lai Hwang and Yoon, in 1981, is a method of aggregation that evaluates a set of alternatives by determining the weight of each criterion, normalizing the score of each criterion and identifying the geometric distance between each alternative and the ideal alternative, which is the best score in each criterion [53] . In the traditional TOPSIS, the weight of each criterion is determined by the expert system method [54] . The expert system method relies heavily on expert knowledge and the ability to be widely employed [44, 55] . To overcome the disadvantages of traditional TOPSIS, we implement a new TOPSIS approach by integrating soft set theory and traditional TOPSIS. For the new, improved TOPSIS, the expert system method is replaced by soft set theory to calculate the weight of each selected criterion. The algorithm of the improved TOPSIS approach can be carried out as follows:
1.
Input the universe U and the parameter set B of soft set (F, B) . B = {c 1 , c 2 , · · · , c L } is the set of the selected criteria, with new labels.
2.
Calculate the importance degree r l of parameter e l using the Formula (1).
3.
Create the evaluation matrix (v il ) I×L based on the table of soft set (F, B).
4.
Create the weighted evaluation matrix (v il · w l ) I×L , where w l = r l / L l=1 r l so that L l=1 w l = 1.
(
5.
Determine the best alternative m b and the worst alternative m w :
where C + = {c 1 , c 2 , · · · , c L } is associated with criteria having positive impact, and C − = {c 1 , c 2 , · · · , c L } is associated with criteria having negative impact. 6.
Calculate the distance d ib between the alternative m i and the best alternative m b :
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7.
Calculate the similarity s iw of the alternative m i to the worst condition:
where, 0 ≤ s iw ≤ 1. s iw being closer to 1 means the alternative m i is better, and s iw being closer to 0 means the alternative m i is worse. 8.
Rank alternatives m i according to the similarity s iw .
The Algorithm of HMSIT
Based on the description of soft set theory and the improved TOPSIS, shown above, the algorithm of HMSIT, which is a key contribution to this work, is illustrated in Figure 5 . 1. Collect influencing factors of the financial sustainability of MFIs through a review of the literature. These factors, covering accounting ratios, corporate governance factors, and macroenvironmental factors, are adopted as original criteria in this paper. 2. Raw data are discretized to be 0 or 1. Because soft set is developed based on the set theory, it is not suitable for continuous data. In this paper, we employ the entropy-based discretization technique (EBDT) to discretize the raw data. EBDT is one of the discretization methods using information entropy measure. Specifically, entropy is employed to evaluate the candidate cut points, which are treated as boundaries for discretization. For details, please refer to the literature [56] . 3. Select the optimal criteria from the original criteria, using the parameter reduction method of soft set theory. 4. Recalculate the importance degree of each selected criterion ( ) using the Formula (1). Here, we can obtain the weight of each selected criterion . 5. Calculate the similarity score of alternatives to the worst condition, using the improved TOPSIS method, with the weights determined by soft set. 6. Rank MFIs according to the similarity, calculated using the Formula (8) .
In this way, HMSIT integrates soft set theory and the improved TOPSIS, and inherits the advantages, and avoids the disadvantages, of two methods simultaneously. We hope for an excellent HMSIT performance when evaluating the financial sustainability of MFIs from a cross-country perspective. 
1.
Collect influencing factors of the financial sustainability of MFIs through a review of the literature. These factors, covering accounting ratios, corporate governance factors, and macro-environmental factors, are adopted as original criteria in this paper.
2.
Raw data are discretized to be 0 or 1. Because soft set is developed based on the set theory, it is not suitable for continuous data. In this paper, we employ the entropy-based discretization technique (EBDT) to discretize the raw data. EBDT is one of the discretization methods using information entropy measure. Specifically, entropy is employed to evaluate the candidate cut points, which are treated as boundaries for discretization. For details, please refer to the literature [56] .
3.
Select the optimal criteria from the original criteria, using the parameter reduction method of soft set theory.
4.
Recalculate the importance degree of each selected criterion (r l ) using the Formula (1). Here, we can obtain the weight of each selected criterion w l .
5.
Calculate the similarity score of alternatives to the worst condition, using the improved TOPSIS method, with the weights determined by soft set.
6.
Rank MFIs according to the similarity, calculated using the Formula (8) .
In this way, HMSIT integrates soft set theory and the improved TOPSIS, and inherits the advantages, and avoids the disadvantages, of two methods simultaneously. We hope for an excellent HMSIT performance when evaluating the financial sustainability of MFIs from a cross-country perspective.
Framework of the Case Study
To investigate the efficiency of the proposed HMSIT, when evaluating the financial sustainability of MFIs from a cross-country perspective, a case study with 20 MFIs is conducted. The framework of the case study is shown in Figure 6 . Details are illustrated in the following. Figure 6 . The framework of the case study.
1. Discretization of raw data using EBDT. Then, the raw sample and data can be converted to the tabular presentation of soft set. 2. Criteria selection and reduction for evaluating the financial sustainability of MFIs, using the parameter reduction method of soft set theory from accounting ratios, corporate governance factors, and macro-environmental factors. 3. Determination of the weight of each criterion, using soft set. This is the key innovation of the improved TOPSIS approach. 4. Calculations of the similarity of MFIs, using the improved TOPSIS. 5. Ranking of MFIs according to the similarity. 6. Comparison analysis. To investigate the influence of macro-environmental criteria on evaluating the financial sustainability of MFIs, we make a comparison between the ranked results with all criteria, and the ranked results, without the external criteria. 7. Sensitivity analysis. The sensitivity analysis is conducted to verify the stability of the novel HMSIT.
Results and Discussion
In this section, we display the case study results, as well as some useful discussions. In accordance with the two important issues that are addressed, this section is divided into two 
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Results and Discussion
In this section, we display the case study results, as well as some useful discussions. In accordance with the two important issues that are addressed, this section is divided into two subsections. In the first subsection, we present the case study results, followed by some discussion, and the marginal implications on the results of comparison and sensitivity analysis. This work is executed with the Matlab software (2016b).
Results
Results with All Selected Criteria
Since accounting ratios, corporate governance factors, and macro-environmental factors are adopted as criteria when evaluating the financial sustainability of MFIs from a cross-country perspective, the number of criteria is too huge to evaluate efficiently. We adopt the parameter reduction approach of soft set theory to select the optimal criteria, from influencing factors of the MFIs listed in Table 3 . At last, seven factors, marked as c l (l = 1, 2, · · · , 7), are selected as the optimal criteria for evaluating the financial sustainability of MFIs, shown in Table 5 . Table 5 . Optimal criteria for evaluating the financial sustainability of MFIs.
No. Criterion
No. Criterion
Operational self-sufficiency ratio c 2 (e 9 ) Portfolio at risk c 3 (e 10 )
Profit orientation c 4 (e 12 ) Scale c 5 (e 16 )
Regulate state c 6 (e 22 ) Index of economic freedom c 7 (e 25 )
Depth of credit information index Then, based on Table 5 , using the Formulas (1) and (3), we can obtain the importance degree (r), and also get the weight (w) of each selected criteria for evaluation of the financial sustainability of MFIs from a cross-country perspective. The importance degree and weights are listed in Table 6 . Using the improved TOPSIS, the similarity (s) of the financial sustainability of MFIs are calculated through Formula (8) . The ranked results, determined by the similarity scores, are shown in Table 7 .
According to the final case study result, we can clearly observe the similarity scores of each MFI, and their ranking. To verify the influence of macro-environmental factors when evaluating the financial sustainability of MFIs from a cross-country perspective, according to the prior literature [16, 24] , we conduct the case study again, but with the accounting ratios and corporate governance factors only. First, we use the parameter reduction method of soft set theory to select optimal criteria c for evaluating the financial sustainability of MFIs from e 1 − e 15 , listed in Table 3 . Their weights are allocated by soft set theory, through Formulas (1) and (3) . Both are shown in Table 8 . Table 8 .
The new importance degree and weight of selected criteria, without macroenvironmental factors.
Weight Then, the ranked results of the financial sustainability of MFIs are listed in Table 9 , according to the similarity score of the improved TOPSIS. 
Comparison Analysis Results
In order to observe the influence of macro-environmental factors on the financial sustainability of MFIs, we conduct a comparison analysis between the ranked results with all selected criteria and the ranked results without macro-environmental factors. Based on Tables 7 and 9, a radar chart is employed to clearly present the changes in evaluation results when macro-environmental factors are included as criteria.
In Figure 7 , the red line and the black line does not overlap. This means that the ranked results of MFIs are different when macro-environmental factors are excluded from the proposed criteria. In other words, macro-environmental factors can provide extra information when evaluating the financial sustainability of MFIs from a cross-country perspective. It can be treated as a complement to traditional accounting ratios and corporate governance factors. Incorporating such macro-environmental information into the evaluation, especially the interaction between the externality of MFIs and the external environment, and the influence of uncontrollable environmental factors on the financial sustainability of MFIs, provides much more comprehensive information for evaluating the sustainability of MFIs.
to traditional accounting ratios and corporate governance factors. Incorporating such macroenvironmental information into the evaluation, especially the interaction between the externality of MFIs and the external environment, and the influence of uncontrollable environmental factors on the financial sustainability of MFIs, provides much more comprehensive information for evaluating the sustainability of MFIs. 
Sensitivity Analysis Results
To verify the stability of HMSIT when evaluating the financial sustainability of MFIs from a cross-country perspective, a number of sensitivity analyses are conducted in this subsection. According to Wang et al. [57] , the modified weight of each criterion can be calculated through:
where w N l is the new weight of e l , β l ( 7 l=1 β l = 0) is the changing ratio of the original weight w l . Six scenarios are presented in Table 10 . Then, with the improved TOPSIS, the similarity of MFIs can be calculated. The similarity and ranked results are listed in Table 11 . It is easy to find out that the proposed HMSIT model is stable when evaluating the financial sustainability of MFIs from a cross-country perspective. The HMSIT can be widely adopted, to make decisions in many different fields. 
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Discussions
Analyses of the Optimal Criteria
As mentioned above, choice of criteria plays a significant role in evaluating the financial sustainability of MFIs. From Table 6 , it is easy to find out that weight of the criterion c 1 (e 1 ) (operational self-sufficiency ratio) is the biggest, 0.203. In other words, the criterion c 1 has the most information for determining the financial sustainability of MFIs. This is why the prior literature used to adopt this criterion to measure the financial sustainability of MFIs [2, 19] . c 3 (e 10 ) (profit orientation) has the second biggest weight value, 0.176. This explains why an increasing number of profit-oriented MFIs have been developed in recent years. The weight of the criterion c 5 (e 16 ) (regulate state) is the third biggest, 0.162. This means that effective regulation of MFIs by the government or other authorities is beneficial in improving their financial sustainability. This result is of great significance for the future development of MFIs. The Chinese practice has also clearly demonstrated that an under-regulated MFI can play a more significant role in poverty reduction.
Besides, c 2 (e 9 ), c 6 (e 22 ), c 7 (e 25 ) and c 4 (e 12 ) also play a significant role in measuring the financial sustainability of MFIs. The criterion c 2 (portfolio at risk), which is the load structure of MFIs, decides the quality of assets. Many previous studies have presented the negative relationship between c 2 and the financial sustainability of MFIs [47] . c 6 (index of economic freedom) not only impacts the financial innovation and business of MFIs, but also influences the development of their clients. Generally, high economic freedom is beneficial to the financial sustainability of MFIs. The bigger the criterion c 7 (depth of credit information index), the greater the financial sustainability of MFIs. For most financial institutions, assessing the default probability of their clients is key when reducing their non-performing assets. For MFIs, if available credit information is greater, the probability of suffering loss is smaller. However, it is noticeable that the criterion c 4 (scale) ranked at the bottom. This demonstrates a big difference between MFIs and the traditional commercial bank [16] .
Comments on the Comparison Results
From the results displayed in Tables 7 and 9 , it can be concluded that macro-environmental factors are useful in evaluating the financial sustainability of MFIs from a cross-country perspective. The ranking of MFIs is quite different when macro-environmental factors are excluded from the proposed criteria, as shown in Figure 7 . Therefore, it can be concluded that not only accounting ratios and corporate governance factors, but also macro-environmental factors, should be considered as criteria when the financial sustainability of MFIs is evaluated. In fact, macro-environmental factors can provide information that the accounting ratios and corporate governance factors do not have, especially taking into account the interaction between MFIs and their external operating environment. It should be noted that MFIs may change when their operational environment is different. This becomes particularly important when evaluating the financial sustainability of MFIs in a cross-country context.
Specifically, from Tables 7 and 9 , and Figure 7 , it is clear that the ranked results, excepting the top three, are different if macro-environmental factors are not taken into consideration. This demonstrates that macro-environmental factors play a significant role in distinguishing the MFIs with low financial sustainability. This is because the management of MFIs with low financial sustainability do not always have an advantage when coping with changes in the complex business environment. In other words, those MFIs are not good at making full use of environmental opportunities and dealing with environmental threats. Meanwhile the macro-environmental factors are useless in distinguishing MFIs with high financial sustainability. This conclusion coincides with our comparison results, which suggests that, whether or not macro-environmental factors are adopted for evaluating the financial sustainability of MFIs, the three highest ranked results are always M 3 M 10 , and M 13 . This is normal, because MFIs with high financial sustainability usually have excellent operational teams. Their managers and other employers can respond effectively to changes in the complex business environment.
In summary, prior studies mainly emphasized adopting accounting ratios and corporate governance factors as criteria when evaluating the financial sustainability of MFIs [16] [17] [18] . This may be suitable in the context of one country, because the business environment is almost the same for all the MFIs included. However, this is not the case when we evaluate the financial sustainability of MFIs from a cross-country perspective. The business environment is different for MFIs in different countries or regions. To complement to the previous literature, this paper finds that the macro-environmental factors of MFIs should be considered as a significant component of the criteria for evaluating the financial sustainability of MFIs from a cross-country perspective, especially when the operational level and management level of MFIs are different. Furthermore, in practice, MFIs should pay close attention to improving the ability of their operation teams. It is important to realize the positive impact of MFIs on poverty reduction and social development.
Discussions on the Sensitive Analysis
To verify the stability of HMSIT, the sensitivity analysis is adopted. In order to give readers a clear visual sense of the change in ranked results, with respect to small changes in the criteria, we plot Figure 8 , based on the data of Table 11 . Scenario 0 is the first column of Table 11 , scenario 1 is the second column of Table 11 , scenario 2 is the third column of Table 11 , and so on.
From Table 11 and Figure 8 , it is obvious that the ranked results of MFIs are dominated by the original ranking sequence (Scenario 0). The ranked results remain the same, unless the value of each criterion in one scenario changes significantly. The sensitive analysis results suggest that the proposed HMSIT approach is sufficient for evaluating the financial sustainability of MFIs from a cross-country perspective. M 3 M 10 , and M 13 are always in the top three MFIs. HMSIT is stable enough to provide some managerial implementations for MFIs and help stakeholders make decisions. Differing from prior related studies, HMSIT can evaluate the financial sustainability of MFIs from a cross-country perspective, by integrating accounting ratios, corporate governance factors, and macro-environmental factors simultaneously. Hence, in practice, the HMSIT can not only be applied to evaluate the financial sustainability of MFIs in a complex environment, but can also be widely adopted to drive decision making in many different fields. 
Managerial Implementations
According to the above case study results, we suggest some specific managerial implementations to improve the financial sustainability of MFIs, as follows.
First, MFIs can learn their weaknesses, strengths, opportunities, and threats through the financial sustainability evaluation, and can also recognize the gap between themselves and the best MFIs. Therefore, they should establish or optimize the financial sustainability management system for MFIs. Relevant departments of MFIs need to be improved, and the rules need to be clarified. Moreover, the rules should be executed with especial supervision, and should be improved in a timely manner. MFIs can also improve their financial sustainability by improving the abilities of their operation teams. By doing this, MFIs can make use of environmental opportunities and better resolve environmental threats. The case study results also demonstrated that financial sustainability could be improved if the MFI focuses on its operational self-sufficiency ratio and becomes a profitorientated organization. Furthermore, the MFI can improve its financial sustainability through other methods, such as the human resource revolution, and application of the big data technique.
Second, governmental administrative departments need to establish a special organization to regulate MFIs and regularly evaluate the financial sustainability of MFIs. In this way, the government can know recent developments regarding MFIs, and adopt efficient measures to promote the financial 
First, MFIs can learn their weaknesses, strengths, opportunities, and threats through the financial sustainability evaluation, and can also recognize the gap between themselves and the best MFIs. Therefore, they should establish or optimize the financial sustainability management system for MFIs. Relevant departments of MFIs need to be improved, and the rules need to be clarified. Moreover, the rules should be executed with especial supervision, and should be improved in a timely manner. MFIs can also improve their financial sustainability by improving the abilities of their operation teams. By doing this, MFIs can make use of environmental opportunities and better resolve environmental threats. The case study results also demonstrated that financial sustainability could be improved if the MFI focuses on its operational self-sufficiency ratio and becomes a profit-orientated organization. Furthermore, the MFI can improve its financial sustainability through other methods, such as the human resource revolution, and application of the big data technique.
Second, governmental administrative departments need to establish a special organization to regulate MFIs and regularly evaluate the financial sustainability of MFIs. In this way, the government can know recent developments regarding MFIs, and adopt efficient measures to promote the financial sustainability of MFIs. For example, the government can provide preferential treatment for MFIs with high financial sustainability, such as financial subsidies or rewards, while the government should uncover the reasons for, and weaknesses and threats of, MFIs with low financial sustainability, so that pertinent preventive measures can be adopted, such as special education and supervision. The government should focus on developing economic freedom, particularly by promoting the financial innovation of MFIs and encouraging self-employment of impoverished people. Moreover, the government can also promote the financial sustainability of MFIs by constructing a sound credit system.
Third, for donators to and stockholders of MFIs worldwide, the ranking of MFIs, according to the similarity score of HMSIT, is important in order to discover which MFIs are most suitable to donate to and cooperate with. In this way, more impoverished people and small businesses can obtain help with depletable resources.
Conclusion and Future Research
The significant role of MFIs in poverty reduction has led to extensive research on their financial sustainability. Prior studies have focused on the adoption of accounting ratios and corporate governance factors as criteria to evaluate the financial sustainability of MFIs. However, as an economic subject, the financial sustainability of MFIs is not only influenced by internal factors, but also by their operational environment. It should be noted that the neglect of macro-environmental factors may lead to an overestimation of the financial sustainability of MFIs, and result in misleading managerial implementations, which should contribute to the performance of MFIs. Given the above context, it is appropriate to evaluate the financial sustainability of MFIs from a cross-country perspective. To the best of our knowledge, there has been no study to date which evaluates the financial sustainability of MFIs from a cross-country perspective, by integrating accounting ratios, corporate governance factors, and macro-environmental factors as criteria, especially focusing on the interaction between MFIs and the exogenous environment.
Using this framework, the main aim of this paper is to investigate the potential to construct a financial sustainability evaluation model for MFIs from a cross-country perspective. Such an analysis extends prior studies evaluating the financial sustainability of MFIs, adding a new cross-country perspective. Furthermore, it adopts a broad approach, covering many influencing factors on the financial sustainability of MFIs, instead of focusing only on accounting ratios and corporate governance factors. The cross-country focus enables the examination of the role of macro-environmental factors. Incorporating such information into the evaluation provides novel insights on how macro-environmental factors may influence the financial sustainability of MFIs. To address this issue, we also extend the research on MFIs by proposing a novel hybrid model of soft set theory and an improved TOPSIS (HMSIT). Soft set theory is adopted to select optimal criteria. The improved TOPSIS is proposed to evaluate and rank MFIs. For the improved TOPSIS, the weight of each criterion is allocated by soft set theory. This algorithm enables HMSIT to make full use of accounting ratios, corporate governance factors, and macro-environmental factors. The case study is based on the cross-country samples of 20 MFIs from the MIX.
Case study results indicate that macro-environmental factors are significant when evaluating the financial sustainability of MFIs from a cross-country perspective. Notably, macro-environmental factors can play a key role in distinguishing MFIs with low financial sustainability. The results also indicate that the proposed HMSIT has a strong robustness. The ranked results produced from the proposed HMSIT are reliable enough to provide managerial suggestions for MFIs and help stakeholders make decisions.
Though the case study result is satisfactory, future work is needed to improve the financial sustainability of MFIs. First, as a key point for evaluation, the considered criteria should be more comprehensive. For example, the character and behavioral factors of MFI leaders should also be included, whereas, due to the data being unavailable, we do not adopt it as criteria in this paper. Second, for the success of HMSIT, a more efficient parameter reduction method should be studied, considering its complexity and cost. Third, this paper is limited to a case study evaluating financial sustainability, based on data from a one-year cross-section of 20 MFIs. A bigger sample size should be considered in future works, for a more comprehensive analysis. Also, future works could focus on predicting financial sustainability. 
